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Background: This study attempts to explore the clinical features, possible mechanisms and prognosis of the
neurologic complications in patients with acute aortic dissection (AD).
Methods: Medical records of 278 consecutive patients with AD (165 with type A and 113 with type B dissection)
over 11.5 years were retrospectively analyzed for clinical history, CT findings, neurologic complications and
outcome. Neurologic complications were classified into early-onset or delayed-onset complications. Independent
t-test or Chi-square test (or Fisher exact test) was used for comparing the different groups. Multivariable logistic
regression analysis was performed to determine the independent association between variables.
Results: The mean age of the included patients (145 male and 133 female) was 59.4 years (range 19–91 years).
41 patients (14.7%) had a neurologic complication, which included 21 with early-onset complication and 23 with
delayed-onset complication, including 3 with both. Advanced age and classic type of dissection were
independently associated with the neurologic complication in patients with type A dissection. The most frequent
manifestation was ischemic stroke (26 patients, 9.4%), followed by hypoxic encephalopathy (9, 3.2%), ischemic
neuropathy (5, 1.8%), spinal cord ischemia (5, 1.8%), seizure (2, 0.7%), hoarseness (1, 0.4%) and septic
encephalopathy (1, 0.4%). Overall in-hospital mortality was 10.1%, whereas the complicated group had a mortality
rate of 43.9%. Renal impairment, pulse deficit, neurologic complication and nonsurgical treatment were
independent variables for determining in-hospital mortality in patients with type A dissection.
Conclusions: The dominance of neurologic symptom in the early stage of AD may make its early diagnosis
difficult. Besides chest pain and widened mediastinum in chest x-ray, variable neurologic symptoms including left
hemiparesis with asymmetric pulse and hypotension may suggest underlying AD.Background
Acute aortic dissection (AD) is one of the lethal cardiac
diseases involving the aorta. Although pain is a typical
symptom, other various symptoms can be presented by
the occlusive dissection of aortic branches, aneurysmal
expansion of dissected aorta or hypotension related to
hemopericardium [1]. Particularly, neurologic symptoms
are not only frequent but often are dramatic and may
mask the underlying disease. Therefore, it is crucial to
understand the neurologic symptoms related to AD* Correspondence: neurosj@catholic.ac.kr
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reproduction in any medium, provided the orand to maintain a high-index of clinical suspicion in
susceptible patients.
In this study, we attempt to explore the clinical features,
possible mechanisms and prognosis of the neurologic
complications in patients with acute aortic dissection (AD).
Methods
The present authors initially studied 289 consecutive AD
patients, who were admitted to the Cardiovascular Center
at Sejong General Hospital within 14 days of symptom
onset between January 2000 and September 2011. We
reviewed retrospectively detailed clinical information
including medical history, operation records, contrast-
enhanced CT, echocardiography, in-hospital course and. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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reviewed and approved by the institutional review board
of Sejong General Hospital.
Of 289 patients initially studied, 5 patients with
traumatic AD and 6 patients with incomplete study or
hospital transfer were excluded. Finally, 278 patients were
included for the present analysis. Two radiologists
(Yang-Min Kim, Chang-Keun Lee), blinded to patient’s
clinical data, analyzed dissection patterns in the aorta
and its branches including innominate (IA), common
carotid (CCA), subclavian (SA), celiac, superior mesenteric,
renal and iliac arteries.
We categorized the AD according to the Stanford (type
A and B) and DeBakey (type I, II and III) classification [1].
In addition, as illustrated in the Figure 1, a typical double
channel aorta with a visible intimal flap was regarded as
the classic type of AD, and regional thickening of the
aortic wall with a crescentic or circular high-attenuation
area for precontrast CT and no contrast enhancement of
the thickened aortic wall for contrast CT were diagnostic
features of intramural hematoma (IMH) [2].
Neurologic complications were categorized into early- or
delayed-onset complication. Early-onset complications
included neurologic symptoms presented at the admissionFigure 1 Dissection type. (A) Classic type A aortic dissection with
visible intimal flap (arrow) inside dilated ascending and descending
aorta. (B) Dissected supra-aortic branches (innominate, left common
carotid and left subclavian artery) in the same patient as in figure A.
(C) Type A intramural hematoma with crescent or circular high
attenuation (arrow) in ascending and descending aortic wall on
noncontrast CT. (D) No contrast enhancement of the thickened
arotic wall in the same patient as in figure C.to our institution, and delayed-onset complication was
defined as neurological disorders which were developed
during medical or surgical treatment for two months after
the admission. In addition, systolic hypotension was
defined as systolic blood pressure below 100 mmHg at the
admission.
According to the classification described in previous
studies [3], neurologic complications were classified into
different groups: 1) persistent or transient ischemic stroke,
2) hypoxic encephalopathy, 3) ischemic neuropathy, 4)
spinal cord ischemia, 5) aneurysmal pressure phenomena
and 6) others. 6-month follow-up data were collected
from medical records.
We excluded postoperative delirium from neurologic
complications because it was nonspecific, common, short-
lasting confusional state which often happens in other
surgical conditions. In addition, hypoxic encephalopathy
was determined when sustained altered mentality was
accompanied with an evidence specific to global CNS
hypoperfusion.
Statistical analyses were performed with SPSS software,
version 18.0. (SPSS Inc., Chicago, IL). Independent t-test
or Chi-square test (or Fisher exact test) was used for
comparing the different groups. In addition, multivariable
logistic regression analysis was performed to determine
the independent predictors for neurologic complications
and in-hospital mortality in patients with type A dissection.
Odds ratio (OR) and 95% confidential interval (CI) were
obtained, and P–values < 0.05 were considered statistically
significant.
Results
General characteristics of study population
The mean age at admission of 278 patients (145 male and
133 female) with AD was 59.4 years (range 19–91 years),
and the most common predisposing conditions were
hypertension (82.7%) and smoking (25.2%). There were
165 type A and 113 type B dissections. Among 165 patients
with type A dissection, 40 patients were medically treated,
whereas 121 patients underwent replacement of the aorta,
including 87 cases of supracommissural replacement of the
ascending aorta and 34 cases of composite replacement
of the aortic valve and ascending aorta. Furthermore, 2
patients received pericardiostomy alone and the other two
underwent thoracic endovascular aortic repair.
A hundred out of 113 patients with type B dissection
received medical intervention, and the other 13 patients
received operative procedures, which included 8 cases of
aortic graft replacement, 3 cases of aorto-bi-iliac graft
replacement, one case of femorofemoral bypass and one
case of right axillary-bifemoral bypass.
As shown in Table 1, patients with type A dissection
showed a higher prevalence of female sex, syncope,
widened mediastinum, any pulse deficit and the involvement
Table 1 General characteristics of patients with acute
aortic dissection: mean ± SD, n (%)
Type A Type B P
n = 165 n = 113
Age 59.2 ± 14.3 59.8 ± 13.9 0.742
Male 75 (45.5) 70 (61.9) 0.007
Hypertension 132 (80.0) 98 (86.7) 0.145
Diabetes mellitus 13 (7.9) 11 (9.7) 0.588
Hyperlipidemia 21 (12.7) 16 (14.2) 0.730
Current smoking 32 (19.4) 38 (33.6) 0.007
Previous ischemic stroke 17 (10.3) 9 (8.0) 0.511
Ischemic heart disease 16 (9.7) 12 (10.6) 0.802
Atrial fibrillation 8 (4.8) 6 (5.3) 0.863
Marfan syndrome 16 (9.7) 7 (6.2) 0.298
Systolic hypotension 38 (23.0) 4 (3.5) < 0.001
Syncope 23 (13.9) 5 (4.4) 0.014
Widened mediastinum 101 (61.2) 45 (39.8) 0.001
Pain 140 (84.8) 103 (91.2) 0.120
azotemia (creatinine > 2 mg/dL) 23 (13.9) 13 (11.5) 0.553
Mesentery ischemia 6 (3.6) 1 (0.9) 0.247
Any pulse deficit 12 (7.3) 1 (0.9) 0.017
Intramural hematoma 43 (26.1) 50 (44.2) 0.002
Any neurologic symptom 36 (21.8) 5 (4.4) < 0.001
Aortic branch involvement 95 (57.6) 49 (43.4) 0.020
In-hospital mortality 26 (15.8) 2 (1.8) < 0.001
Table 2 Neurologic complications of patients with AD: n (%)
Type A Type B Total
n = 36 n = 5 n = 41
Early Delayed Early Delayed
Ischemic stroke 8 14 0 4 26 (63.4)
Hypoxic encephalopathy 7 2 0 0 9 (22.0)
Ischemic neuropathy 4 1 0 0 5 (12.2)
Spinal cord ischemia 1 2 1 1 5 (12.2)
Vocal cord paralysis 1 0 0 0 1 (2.4)
Seizure 2 0 0 0 2 (4.9)
Septic encephalopathy 0 1 0 0 1 (2.4)
AD Acute aortic dissection.
Table 3 Comparison between the neurologically-
complicated and uncomplicated groups in patients with






n = 36 n = 129
Age 65.6 ± 12.4 57.4 ± 14.3 0.002
Male 15 (41.7) 60 (46.5) 0.606
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systolic hypotension, neurologic symptoms and in-hospital
mortality. Compared with patients with type A dissection,
patients with type B dissection showed a higher prevalence
of current smoking and IMH. Among patients with type
A dissection, 126 patients (76.4%) had DeBakey type I
dissection, and 39 patients (23.6%) had type II dissection.Hypertension 27 (75.0) 105 (81.4) 0.396
Diabetes mellitus 1 (2.8) 12 (9.3) 0.302
Hyperlipidemia 3 (8.3) 18 (14.0) 0.572
Valvular heart disease 4 (11.1) 6 (4.7) 0.229
Current smoking 4 (11.1) 28 (21.7) 0.232
Previous ischemic stroke 4 (11.1) 13 (10.1) 0.767
Ischemic heart disease 2 (5.6) 14 (10.9) 0.527
Atrial fibrillation 3 (8.3) 5 (3.9) 0.374
Pain 32 (88.9) 108 (83.7) 0.601
Systolic hypotension 15 (41.7) 23 (17.8) 0.003
Aortic valve regurgitation 14 (38.9) 53 (41.1) 0.812
Cardiac tamponade 14 (38.9) 30 (23.3) 0.061
Supra-aortic branch
involvement
22 (61.1) 56 (43.4) 0.060
Classic type 32 (88.9) 90 (69.8) 0.030Characteristics of patients with neurologic complication
Among 278 patients, 41 patients (14.7%) had neurologic
symptoms, consisting of 36 cases of type A dissection
and 5 cases of type B dissection. Out of the 41 patients,
21 had an early-onset neurologic complication and 23
had a delayed-onset neurologic complication; 3 patients
presented both.
6 patients with type A dissection had a combination of
different neurologic complications: hypoxic encephalopathy
and hemiplegic stroke (twice), hypoxic encephalopathy with
stroke and ischemic neuropathy (once), generalized seizure
associated with hypoxic encephalopathy or hemiparetic
stroke (twice), paraplegia and ischemic neuropathy
(once). One patient with type B dissection had both
posterior-circulation stroke and paraplegia (Table 2).Table 3 shows the comparison between the neuro-
logically-complicated and uncomplicated groups in
patients with type A dissection. Between the two groups,
there were no significant differences in the frequency
of male, vascular risk factors, pain, aortic regurgitation,
cardiac tamponade and supra-aortic involvement. The
complicated group was older, and had a higher frequency
of systolic hypotension and classic type dissection
(P < 0.05).
Multivariable logistic regression using variables with
P < 0.2 showed that age (P = 0.001; OR 1.064; CI
1.026-1.103) and classic type of dissection (P = 0.019;
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with neurologic complication in patients with type A
dissection.























AD acAs shown in Table 4, 26 (9.4%) patients experienced an
ischemic stroke, which included 22 with type A and 4
with type B dissection. Among 22 patients with type A
dissection, 8 patients including a case of TIA had an
early-onset stroke and 14 patients had a delayed-onset
stroke (9 within 14 days of surgery, 3 between15 and
60 days after surgery and the other 2 during medical
treatment). 4 patients with type B dissection had a
delayed–onset stroke (1 on the 17th postoperative day
and the other 3 during medical treatment).
Early-onset stroke was all referable to the anterior
circulation, predominantly right-sided (87.5%). One
or more main branches of the aortic arch were
involved in 6 out of 8 patients (75%) with early-onset
stroke. IA was most frequently involved (75.0%),






n = 8 n = 18 n = 26
A 8 (100) 14 (77.8) 22 (84.6)
lar territory of lesion
terior circulation 8 (100) 13 (72.2) 21 (80.8)
ht carotid 7 (87.5) 6 (33.3) 13 (50.0)
ft carotid 1 (12.5) 4 (22.2) 5 (19.2)
ateral carotid 0 (0.0) 3 (16.7) 3 (11.5)
terior circulation 0 (0.0) 1 (5.6) 1 (3.8)
terior & posterior 0 (0.0) 4 (22.2) 4 (15.4)
-aortic vessel involvement 6 (75.0) 9 (50.0) 15 (57.7)
ominate artery 6 (75.0) 9 (50.0) 15 (57.7)
mmon carotid artery 6 (75.0) 8 (44.4) 14 (53.8)
ht 5 (62.5) 5 (27.8) 10 (38.5)
ft 3 (37.5) 5 (27.8) 8 (30.8)
clavian artery 4 (50.0) 3 (16.7) 7 (26.9)
ht 2 (25.0) 1 (5.6) 3 (11.5)
ft 2 (25.0) 2 (11.1) 4 (15.4)
nth MRS
2 4 (50.0) 5 (27.8) 9 (34.6)
5 1 (12.5) 8(44.4) 9 (34.6)
(death) 3 (37.5) 5 (27.8) 8 (30.8)
ute aortic dissection, MRS modified Rankin scale.In contrast, delayed-onset stroke affected similarly
bilateral carotid territories, and also included lesions
in bilateral carotid, posterior-circulation and
anterior/posterior-circulation territories. Among
these patients, 9 (50%) had dissected supra-aortic
branches. The most frequently dissected branches
were IA and CCA.
Among the 26 patients, 8 patients (30.8%) expired
within 6 months of the disease onset (3 cases from
hemispheric stroke with brain herniation, 2 cases
from aortic rupture, 2 cases from sepsis with
multiple organ failure and a case from mesentery
ischemia and renal failure). Additionally, 9 patients
(34.6%) remained functionally dependent six
months later.
2) Hypoxic encephalopathy
9 (3.2%) patients with type A dissection showed
decreased mental function caused by the brain
hypoxia. Supra-aortic branches were involved in
8 patients (88.9%), all in whom IA and CCA
(of bilateral side in 7 cases and right side
alone in 1 case) were involved by dissection.
In addition, systolic hypotension related
to cardiac tamponade was observed in 8
patients (88.9%).
Among the 9 patients, 7 patients presented this
as the initial symptom. 6 out of the 7 patients
expired within 3 weeks of the disease onset,
and only one patient survived after surgery
but remained totally dependent in activities
of daily living as a result of right hemispheric
stroke.
The other two patients did not regain consciousness
after surgery, and finally expired within 3 weeks.
Therefore, among 9 patients with hypoxic
encephalopathy, 8 (88.9%) died within weeks of the
disease onset.
3) Ischemic neuropathy
5 patients with type A dissection had an ischemic
neuropathy (1.8%). At admission, 4 patients
presented localized pain, paresthesia, pulse deficit
with variable degrees of motor deficit in their
legs, which could be attributed to the occlusion
of the iliofemoral arteries because all their iliac
arteries were involved in the dissection (bilateral
side in 3 cases and left side alone in a case). Two
patients recovered after surgery, while the other
two died during hospitalization due to the
accompanying hemispheric stroke and sepsis,
respectively.
The other patient was found to have right arm
paralysis, coldness and paresthesia immediately after
operation. However, those symptoms were relieved
at hospital discharge.
Lee et al. BMC Neurology 2013, 13:46 Page 5 of 8
http://www.biomedcentral.com/1471-2377/13/464) Spinal cord ischemia
5 patients (1.8%) developed acute paraplegia and
sensory change below T8-10. 3 patients developed
complete spinal cord infarct, whereas the other 2
patients suffered incomplete cord injury resulting in
the anterior cord syndrome with relative sparing of
the position and vibration sense.
Among the 5 patients, 2 patients presented the
symptoms at admission. One patient with type A
dissection expired on the 6th hospital day because of
aortic rupture. The other patient with type B
dissection remained wheelchair-bound 6 months later.
3 patients developed acute paraplegia postoperatively
(1 on the first postoperative day and the other 2
between 50–60 days after surgery). Of the two
patients with type A dissection, one died from a
septic complication, and the other patient was
paraplegic and incontinent at 6 months. One patient
with type B dissection stayed locked-in 6 months
later because of severe posterior-circulation infarct.
5) Aneurysmal pressure phenomenon
A patient with type A dissection presented
hoarseness as an initial symptom, which could be
attributable to the compression of recurrent
laryngeal nerve against the aneurysmal dilatation of
AD. After surgery, hoarseness of voice resolved
within 4 weeks.
6) Others: seizure and septic encephalopathy
Two patients with type A dissection showed a
seizure manifestation (loss of consciousness,
convulsive movement and post-ictal confusion). One
case was related to ischemic stroke, and the other
was secondary to hypoxic encephalopathy causing
in-hospital death. Besides, one patient with type A
dissection developed encephalopathy induced by
severe sepsis and pneumonia, which rendered her
disease inoperable. Despite intensive medical care,
she expired during hospitalization.
Statistical analysis for in-hospital mortality
Overall in-hospital mortality was 10.1% (15.8% for type
A dissection and 1.8% for type B dissection), whereas
patients with neurologic complication had a mortality
rate of 43.9% (18 out of 41paitents). Because the in-hospital
death of patients with type B dissection was rare as the
rate of 1.8%, variables related to in-hospital mortality were
analyzed for patients with type A dissection alone.
Among patients with type A dissection, in-hospital
mortality rate was significantly higher in patients with
early-onset (12 out of 20, 60% versus 14 out of 145,
9.7%; P < 0.001) or delayed-onset (8 out of 19, 42.1% versus
18 out of 146, 12.3%; P = 0.001) neurologic complication
than patients without neurologic complication. The
mortality group was older (67.7 ± 12.3 versus 57.6 ± 14.1;P = 0.001), and had a higher frequency of systolic
hypotension (50.0% versus 28.0%; P < 0.001), syncope
(30.8% versus 10.8%; P = 0.007), azotemia (50.0% versus
7.2%; P < 0.001), mesenteric ischemia (23.1% versus 0%;
P < 0.001), pulse deficit (26.9% versus 3.6%; P = 0.001),
nonsurgical treatment (57.7% versus 19.4%; P < 0.001) and
neurologic complication (69.2% versus 12.9%; P < 0.001).
Besides, in comparison with classic type, IMH type
showed a statistical trend toward less mortality (3 out of
43, 7.0% versus 23 out of 122, 18.9%; P = 0.088).
Logistic regression analysis (using the variables of age,
previous stroke, syncope, systolic hypotension, azotemia,
pulse deficit, neurologic complication and nonsurgical
treatment) demonstrated that azotemia (P = 0.009; OR
6.990; CI 1.629-29.994), pulse deficit (P = 0.023; OR 11.581;
CI 1.397-95.997), neurologic complication (P = 0.001;
OR 10.782; CI 2.653-43.813) and nonsurgical treatment
(P = 0.002; OR 11.628; CI 2.435-55.523) were independent
predictors for determining in-hospital mortality in patients
with type A dissection.
Discussion
Neurologic complications were manifested in 14.7% of
all patients with AD, and 21. 8% of patients with type A
dissection, which is approximately similar to the range
between 17 and 48% reported by previous studies [3-6].
A wide variation in the prevalence between studies may
be due to the failure to record neurological examinations in
detail in critically ill patients leading to an underestimation
of neurologic complications [3].
In accordance with previous reports, ischemic stroke
was the most frequent neurologic manifestation [3,4,6].
Early-onset stroke tends to be more frequently hemispheric
compared with vertebrobasilar territory and predominantly
right-sided. The hemispheric predominance is accounted
for the fact that the carotid artery origins are much
more vulnerable to the advancing dissection due to their
proximity to the aortic arch [3,4,6,7]. In addition, a
right-side dominance of lesions can be explained by
different mechanical dynamics in the progression of the
dissecting hematoma. In other words, the hydraulic stress
is the greatest in the right lateral wall of the ascending
aorta [7-9]. This assumption can be supported by the right
dominant distribution of supra-aortic branch dissections
in our patients.
In contrast, 50% of patients with delayed-onset stroke
and 25% of patients with early-onset stroke demonstrated
no supra-aortic branch involvement. In particular, delayed-
onset strokes affect both hemispheres similarly and
were often bilateral. In addition, they included a case of
posterior-circulation infarct. This suggests that ischemic
stroke can be caused not only by the extension of
dissection toward the supra-aortic vessels, but also by
other mechanisms such as thromboembolism or severe
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course. Furthermore, perioperative strokes might be related
to various perioperative factors such as circulatory arrest,
or microemboli during operation.
Occasionally, stroke symptoms may completely dominate
the clinical picture in the early stage of AD, masking the
underlying disease. Among our patients, two developed
right hemispheric stroke with hemiplegia related to right
CCA dissection without clear signs of AD. Because stroke
symptoms seemed clinically serious, the accurate diagnosis
was delayed in a nearby stroke center. After all, type
A dissection was detected during catheter cerebral
angiography, and after undergoing right CCA stenting,
they were transferred to our hospital. Thus, the early
diagnosis of AD may be difficult without a close clinical
vigilance for the disease because this is a rare cause of
ischemic stroke.
Moreover, AD is challenging in the decision-making of
intravenous thrombolysis for patients with hyperacute
ischemic stroke due to the difficulty to diagnose within a
narrow time frame. A literature review revealed 8 cases
treated with IV thrombolysis for acute ischemic stroke
secondary to AD. 3 out of 4 patients treated with full-dose
therapy died from hemorrhagic complication [6,10-12],
while only one of 4 patients with partial-dose therapy died
without surgery [13-16]. In the latter cases, infusion was
discontinued immediately after the prompt diagnosis of
AD. Thrombolysis is, therefore, supposed to decrease the
probability of survival in patient with AD, although it has
been reported to be feasible in patients with dissection
solely of the internal carotid artery [17]. Especially when
left hemiplegic infarct is present with asymmetric pulse and
unexplained hypotension, AD with atypical presentation
should be excluded [18]. In addition, bed-side carotid
ultrasonography can be useful to ascertain concomitant
CCA dissection [18,19].
AD-related hypoxic encephalopathy was fatal. Most of
the patients (88.9%) expired during their hospital stay. The
main mechanism was reduced cerebral perfusion, which
derives from the extension of the dissection along the aorta
occluding the origin of the supra-aortic vessels and severe
hypotension caused by shock from cardiac tamponade.
Of 5 cases with AD-related ischemic neuropathy, 4
were associated with occlusive dissections of iliofemoral
arteries, and the other was presumed to result from emboli
to the subclavian artery during operation. Because
AD-related ischemic neuropathy can be developed
without chest or abdominal pain, benign diseases such
as herniated disk and thoracic outlet syndrome should
be initially differentiated [20,21]. Besides, postoperative
compressive neuropathy may arise during general anesthesia
of long duration. However, pulse deficit and development
of other signs of limb ischemia narrow the differential
diagnosis to AD and arterial embolus [21,22].Acute paraplegia occurred in 1.8% of our patients,
which was within the previously reported range of
between 0% and 8% [3-6]. The injury level was mostly
assumed to be mid-thoracic cord, the watershed zone
between the territories of the artery of Adamkiewicz and
the thoracic radicular artery. Occasionally, the injury
spared posterior column function, presenting the anterior
cord syndrome. This fact can be explained by the vascular
anatomy of the spinal cord indicating that the anterior
spinal artery supplying the anterior two-thirds of the cord
has fewer collaterals than the posterior spinal arteries
[7,21]. In addition to the anterior cord syndrome and
complete cord infarct in our series, Brown-Sequard
syndrome, progressive myelopathy and transient cord
ischemia have also been described [3,7,23].
Pressure phenomena from the aneurysmal segment in
AD have rarely been reported in literature. Symptoms
have included dysphagia owing to esophageal compression
[24], Horner’s syndrome resulting from pressure on the
cervical sympathetic ganglion [6,7] and hoarseness caused
by compression of the left recurrent laryngeal nerve [25].
In our study, one patient presented hoarseness.
Previous studies have discussed the association between
neurologic complication and in-hospital mortality in
patients with type A dissection [3,5,6,26-28]. In accordance
with some previous studies, neurologic complication
was independently associated with hospital death [26-28].
However, other recent data showed that neurologic
complication had only statistical tendency or marginal
significance toward the risk of in-hospital death [5,6].
This might be attributable to the difference of study
population, operation factors (operator skill, surgical
process, or anesthesia) or statistical variables between
the studies.
In our study, IMH type accounted for 26.1% of our
patients with type A dissection, and showed a significantly
lower frequency of neurologic complication and a trend
toward less hospital mortality, when compared with
classic type AD. In addition, it was demonstrated, to the
best of our knowledge for the first time, that the classic
type of AD was independently associated with neurologic
complication in patients with type A dissection. This is in
close agreement with the results of previous Korean and
Japan studies, which have shown that IMH is more
commonly seen in far-eastern countries and have a
tendency to present fewer mortality and neurologic
signs than classic type AD or western-type IMH [29-32].
Thus, regional heterogeneity of IMH regarding the
incidence and disease behavior might affect the results of
our study.
The strength of our study lies in its large sample size,
allowing relatively high statistical power. As a matter of
fact, this is the first comprehensive data on the neurologic
complication of Asian patients with AD, with the largest
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Moreover, differently from those previous studies [3,6,7],
IMH, a variant form of AD, was discriminated from classic
type AD in the data analysis. Therefore, the present
authors expect that this report will lead to a deeper
understanding of AD-related neurologic complications.
However, our study has some limitations. First, there
may have been a selection bias because this study was
based on data from a single center. Second, our study
presents limitations associated with the nature of a
retrospective study design using medical records. As
previously stated, the frequency of neurologic complica-
tions may be underestimated because it appears that all
patients with unstable vital signs were not properly
examined by a neurologist. In addition, some neurologic
symptoms classified as “early-onset complications” in
this study might have been developed during the clinical
management of other hospitals. Actually, 6 of 21 cases
classified as belonging to the group with early-onset
complication were ascertained to come to our hospital
after a short-term care at local hospitals. In some of those
cases, the exact time of symptom onset was unclear, and
medical records of the transferring hospitals were usually
unavailable at the time of study. Thus, “early-onset com-
plication” was unavoidably defined as neurologic symptom
presented at the admission to our institution.
Conclusions
AD often causes neurologic complications, especially in
patients with classic type A dissection. The most common
manifestation was ischemic stroke and hypoxic encephalop-
athy. The presumed mechanisms were aortic branch dissec-
tion causing luminal occlusion, emboli from thrombosed
vascular lumen and hypotension under the condition
of AD. It is important to perceive them because the
dominance of neurologic symptoms in the early stage
of AD may make its early diagnosis difficult. Besides
typical chest pain and widened mediastinum in chest
x-ray, variable neurologic symptoms including left
hemiparesis with asymmetric pulse and hypotension may
suggest underlying AD.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All authors met the criteria for authorship and have approved the contents
of the text. SJL and JHK contributed to study concept and design. SJL did
statistical analysis, wrote the first draft and revised the manuscript. JHK, CYN,
SSO and DSL participated in the acquisition of data. JHK, CYN, SSO, DSL, YMK
and CKL contributed to the analysis and interpretation of data. All authors
read and approved the final manuscript.
Acknowledgements
The authors thank the following colleagues for their contributions to data
acquisition in the study: Drs Young-Moo Ro, Suk-Keun Hong, Rak-Kyeong
Choi, Cheol-Woong Yu and Jin-Sik Park, Department of Cardiology, Sejong
General Hospital, Bucheon, South Korea.Author details
1Department of Neurology, Sejong General Hospital, Bucheon, South Korea.
2Department of Thoracic and Cardiovascular Surgery, Sejong General
Hospital, Bucheon, South Korea. 3Department of Radiology, Sejong General
Hospital, Bucheon, South Korea. 4Department of Cardiology, Sejong
General Hospital, Bucheon, South Korea.
Received: 25 July 2012 Accepted: 16 May 2013
Published: 21 May 2013
References
1. Demers P, Miller DC: Type A aortic dissection. In Sabiston & Spencer surgery
of the chest. 8th edition. Edited by Selke FW, del Nido PJ, Swanson SJ.
Philadelphia: Elsevier Saunders; 2010:1089–1114.
2. Song JK: Diagnosis of aortic intramural hematoma. Heart 2004, 90:368–371.
3. Blanco M, Díez-Tejedor E, Larrea JL, Ramírez U: Neurologic complications
of type I aortic dissection. Acta Neurol Scand 1999, 99:232–235.
4. Meszaros I, Morocz J, Szlavi J, Schmidt J, Tornoci L, Nagy L, Szep L:
Epidemiology and clinicopathology of aortic dissection. Chest 2000,
117:1271–1278.
5. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ, Russman
PL, Evangelista A, Fattori R, Suzuki T, Oh JK, Moore AG, Malouf JP, Pape LA,
Gaca C, Sechtem U, Lenferink S, Deutsch HJ, Diedrichs H, Marcos Y, Robles J,
Llovet A, Gilon D, Das SK, Armstrong WF, Deeb GM, Eagle KA: The
International Registry of Acute aortic Dissection (IRAD): new insights into
an old disease. JAMA 2000, 283:897–903.
6. Gaul C, Dietrich W, Friedrich I, Sirch J, Erbguth FJ: Neurological symptoms
in type A aortic dissections. Stroke 2007, 38:292–297.
7. Gaul C, Dietrich W, Erbguth FJ: Neurological symptoms in aortic
dissection: a challenge for neurologists. Cerebrovasc Dis 2008, 26:1–8.
8. Chase TN, Rosman NP, Price DL: The cerebral syndromes associated with
dissecting aneurysms of the aorta: a clinicopathological study.
Brain 1968, 9:173–190.
9. Macura KJ, Corl FM, Fishman EK, Bluemke DA: Pathogenesis in acute aortic
syndromes: aortic dissection, intramural hematoma and penetrating
atherosclerotic aortic ulcer. AJR Am J Roentgenol 2003, 181:309–316.
10. Fessler AJ, Alberts MJ: Stroke treatment with tissue plasminogen activator
in the setting of aortic dissection. Neurology 2000, 54:1010.
11. Takeuchi S, Takasato Y, Masaoka H, Otani N: Administration of
recombinant tissue plasminogen activator to a case of cerebral
infarction in the setting of painless aortic dissection. Neurol India 2009,
57:808–809.
12. Mendes A, Mendonça T, Sousa A, Moreira G, Carvalho M: Stroke secondary
to aortic dissection treated with a thrombolytic: a successful case.
Neurol Sci 2012, 33:107–110.
13. Uchino K, Estrera A, Calleja S, Alexandrov AV, Garami Z: Aortic dissection
presenting as an acute ischemic stroke for thrombolysis. J Neuroimag
2005, 15:281–283.
14. Chua CH, Lien LM, Lin CH, Hung CR: Emergency surgical intervention in a
patient with delayed diagnosis of aortic dissection presenting with acute
ischemic stroke and undergoing thrombolytic therapy.
J Thorac Cardiovasc Surg 2005, 130:1222–1224.
15. Hong KS, Park SY, Whang SI, Seo SY, Lee DH, Kim HJ, Cho JY, Cho YJ, Jang
WI, Kim CY: Intravenous recombinant tissue plasminogen activator
thrombolysis in a patient with acute ischemic stroke secondary to aortic
dissection. J Clin Neurol 2009, 5:49–52.
16. Rodríguez-Luna D, Vilar RM, Reinazo M, del Villar A, Claramonte B, Vilar C,
Geffner D: Intravenous thrombolysis in an elderly patient with acute
ischemic stroke masking aortic dissection. J Stroke Cerebrovasc Dis 2011,
20:559–561.
17. Derex L, Noghoghossian N, Turjman F, Hermier M, Honnorat J,
Neuschwander P, Froment JC, Trouillas P: Intravenous tPA in acute
ischemic stroke related to internal carotid artery dissection. Neurology
2000, 54:2159–2161.
18. Iguchi Y, Kimura K, Sakai K, Matsumoto N, Aoki J, Yamashita S, Shibazaki K:
Hyper-acute stroke patients associated with aortic dissection. Intern Med
2010, 49:543–547.
19. Tsivgoulis G, Vadikolias K, Heliopoulos I, Patousi A, Iordanidis A, Souftas V,
Piperidou C: Aortic arch dissection causing acute cerebral ischemia: an
uncommon contraindication for intravenous thrombolysis. Circulation
2011, 124:657–658.
Lee et al. BMC Neurology 2013, 13:46 Page 8 of 8
http://www.biomedcentral.com/1471-2377/13/4620. Lefebvre V, Leduc JJ, Choteau PH: Painless ischaemic lumbosacral
plexopathy and aortic dissection. J Neurol Neurosurg Psychiatry 1995,
58:641.
21. Zull DN, Cydulka R: Acute paraplegia: a presenting manifestation of aortic
dissection. Am J Med 1988, 84:765–770.
22. Prendes JL: Neurovascular syndromes of aortic dissection. Am Fam Physician
1981, 23:175–179.
23. Greenwood WR, Robinson MD: Painless dissection of the thoracic aorta.
Am J Emerg Med 1986, 4:330–333.
24. Perheentupa U, Kinnunen I, Kujari H, Grénman R, Mäkitie AA: Acute
dysphagia associated with aortic dissection: a case report and review of
the literature. Acta Otolaryngol 2010, 130:637–640.
25. Khan IA, Wattanasauwan N, Ansari AW: Painless aortic dissection
presenting as hoarseness of voice: cardiovocal syndrome: Ortner’s
syndrome. Am J Emerg Med 1999, 17:361–363.
26. Ehrlich MP, Ergin A, McCullough JN, Lansmann SL, Galla JD, Bodian CA,
Apaydin A, Griepp RB: Results of immediate surgical treatment of all
acute type A dissections. Circulation 2000, 102:248–252.
27. Gagliardotto PV, Pompei E, Parisi F, Bardi G, Castenetto E, Orzan F, di
Summa M: Early and late risk factors in surgical treatment of acute type
A aortic dissection. Ann Thorac Surg 1998, 66:779–784.
28. Chirillo F, Marchiori MC, Andriolo L, Razzolini R, Mazzucco A, Galucci V,
Chioin R: Outcome of 290 patients with aortic dissection: a 12-year
multicentre experience. Eur Heart J 1990, 11:311–319.
29. Pelzel JM, Braverman AC, Hirsch AT, Harris KM: International heterogeneity
in diagnostic frequency and clinical outcomes of ascending aortic
intramural hematoma. J Am Soc Echocardiogr 2007, 20:1260–1268.
30. Song JK: Aortic intramural hematoma: aspects of pathogenesis 2011.
Herz 2011, 36:488–497.
31. Ganaha F, Miller DC, Sugimoto K, Do YS, Minamiguchi H, Saito H, Mitchell
RS, Dake MD: Prognosis of aortic intramural hematoma with and without
penetrating atherosclerotic ulcer: a clinical and radiological analysis.
Circulation 2002, 106:342–348.
32. Song JK, Yim JH, Ahn JM, Kim DH, Kang JW, Lee TY, Song JM, Choo SJ,
Kang DH, Chung CH, Lee JW, Lim TH: Outcomes of patients with acute
type A aortic intramural hematoma. Circulation 2009, 120:2046–2052.
doi:10.1186/1471-2377-13-46
Cite this article as: Lee et al.: Eleven years of experience with the
neurologic complications in Korean patients with acute aortic
dissection: a retrospective study. BMC Neurology 2013 13:46.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
